To overcome the limitation of the existing models intersection queuing models in which vehicle arrivals are assumed to meet some specific traffic distribution, a new model which based on markov chain and traffic wave theory is proposed to estimate the travel time of vehicles. This model fits the signalized intersection with fixed signal cycle and stochastic vehicle arrivals. At last, the model has experimented on a road of Beijing and the results shows that it has high estimation precision.
Introduction
Link travel time is an important index to reflect the traffic condition. Therefore, accurate and real-time road travel time is an crucial content of traffic guidance and signal control, which is of great significance. Link travel time is the most direct parameter to characterize the amount of resistance encountered by a vehicle during its travel, So it is also a link impedance. So the link travel time estimation model is also known as the link resistance function.
There are three types of travel time estimation methods: One is based on mathematical statistics, including linear regression [1] and nonlinear regression [2] , Kalman filtering [3] and Bayesian estimation [4] ; One is based on intelligent theory [5] [6] ; There is also a class of simulation analysis model [8] [9] [10] .
These models consider less interrupted traffic and the impact of the signal timing scheme, require more parameter calibration, data types, data volume, and the traffic flow to meet a certain distribution. These cannot be a good response to urban road realities of interrupted traffic. In this paper, the travel time estimation model is established by the Markov queuing model [11] based on the stochastic arrival of vehicles and the traffic wave theory, considering the intersection of the queuing situation and the intersection delay.
Link travel Time Estimation Model
Travel time estimation of link area In general, the link of road refers to the extension line from the extension line of the stop line of the last intersection to the exit line of the next intersection, which can be divided into intersection area and link area.
Because the travel time of the link area is relatively stable, it is a continuous flow and the GPS data of the stable section can be used to get the better results. Travel Time Estimation Model of Intersection Area While the intersection area involves traffic lights-red light, the vehicle may be queued at the intersection, thus forming an interrupted flow. On the one hand the intersection is similar to the multiple single-channel service model, and on the other hand it has traffic wave characteristic by the role of intermittent flow.
This paper established the model of intersection interrupted flow based on the Markov queuing theory and traffic flow wave theory, which was combining with the signal timing scheme.
Link travel time consists of travel time of link area and that of intersection area.The travel time of intersection area can be divided into the following two parts according to the distance of the vehicle away from the intersection and its arrival time.
Case (1) :vehicles in red and yellow light time reach the intersection, decelerate until the stop queue, and then accelerate through the stop line in the green light time.
Case (2): vehicles in green time reach the intersection, decelerate to queue but unstop, and then accelerate through the stop line.
For the case (1), the queuing model of signalized intersection is established based on the improved Markov chain method, and estimates the queuing time of the vehicle according to the signal timing scheme of the intersection.
For the (2) Assuming that the number of vehicles queued at the end of the current red light is i , then the probability of transferring to the queued state j after one cycle is given by Eq.2.
(max(,0)), 
if is > , then Eq.4 can be concluded. 
The matrix of queuing state transition probability can be obtained from the statistic data of the intersection.
Step 2 Determine the steady-state probability: From the queuing model of the principle of equal speed, The probability that the intersection changes from the state of the number j of queuing vehicles at the end of the previous red light to the state of the number i of queuing vehicles at the end of the current red light is equal to the probability of that from i to the state of the number j of vehicles queued at the end of the next red light, which is shown in Eq.5. ,0,0 
i p can be obtained in Eq.9.
(1) ,0,1,, In the Eq.12, 1,2 refers to two different densities on the road, wherein a, b refers to the first traffic flow and density and c, d refers to the second traffic flow and density.
For case (1), the first traffic flow is 0, and the density is k , so Eq.13 can be obtained by the Green Shields Speed-Density Linearity Model.
(1) (13) wf Vvv =−−
In the Eq.14, 2 v is always very low and negligible. Time headway will be relatively stable in the discharge of the front 8 to 10 queuing vehicles [12] , because different speed stratifications occur when queuing vehicles passed stop line. The first layer of vehicles can achieve the speed that is close to or greater than the design speed because of no vehicles in front of this layer.
So f v is appropriate to take the speed of the second wave vehicle through the stop line, and it can be obtained by the GPS statistics data of floating car data.
By vehicle queue length L − , vehicle speed of the starting wave w V , the travel time of the vehicle in the green time through the intersection can get from Eq.15. 
garr tCtt ααβ ′ =−−=L
In the above formula, arr t shown in Eq.18 is the time that the vehicle arrived at the intersection. In Eq.18, veh P is the current GPS position of the vehicle and sec in P is the GPS position of the next intersection. 
all ttt =+ The travel time of the vehicle through the link area is shown in Eq.20, wherein road L is the length of the link and V is the average running speed that can be get by the GPS statics data. L is the distance away from the stop line in the case of (2). Qpcu , which allows the largest number of vehicles queuing (5) The maximum number of vehicles crossing the intersection during the effective green time 80 spcu = . Table 1 is the law of arrival at green time and Table 2 is the law of arrival at yellow, red light time. Fig.2 through programming in Matlab. Verify the model by the floating car data and the results show that the relative absolute error of the model is 20%. 
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Conclusions
Based on the Markov chain and traffic wave theory, the travel time estimation model is constructed considering the stochastic vehicle arrival and verified by a practical road in Beijing, which proves that the model has high estimation precision.
The travel time is estimated by simulating the actual traffic flow and appropriate to the intersection with fixed signal cycle, and the travel time prediction is the next research direction because the basis of travel time prediction is the travel time estimation.
